Abstract
Introduction
Pressurized IntraPeritoneal Aerosol Chemotherapy (PIPAC) is a new treatment option in patients with peritoneal carcinomatosis (PC). PIPAC has provided encouraging results in the treatment of PC from ovarian, colon and gastric cancer [1] [2] [3] , and PIPAC may also be used in combination with systemic chemotherapy in selected patients [4] .
Employing a new technique for intraperitoneal chemotherapy delivery must be accompanied by relevant safety studies -not only regarding the patients but also addressing the involved health care personnel. To date, one study from the inventor and German pioneer PIPAC center has documented that PIPAC is safe in terms of occupational health aspects [5] , but independent confirmation is needed. And since the PIPAC treatment is still undergoing early clinical investigation and further development, focus on the occupational health aspects of this procedure is highly relevant.
In the ideal setting intraperitoneal chemotherapy should be safely delivered without any exposure risk for the involved health care workers in the operating room (OR). Health care worker exposure to cytostatic drugs during PIPAC may result from dermal/ocular contact or inhalation. The carcinogenicity of oxaliplatin is unknown, while data on cisplatin carcinogenicity are more consistent, and oxaliplatin is both chemically and pharmacologically related to cisplatin. Doxorubicin is hazardous to human health by provoking mucosal inflammation, leucopenia, and dilative cardiomyopathy. Additionally, it induces DNA mutation and is carcinogenic to humans [5] .
The aim of this study was to measure the presence of airborne platinum particles in the OR during PIPAC and to detect potential traces of cisplatin in the blood of the surgeons.
and evaluation of PIPAC for the treatment of patients with peritoneal carcinomatosis -a feasibility study"). The study complies with the Helsinki Declaration and was approved by The Regional Committees on Health Research Ethics for Southern Denmark (Project-ID: S-20140211, www.clinicaltrials.gov NCT02320448), and all participants -both patients and health care workers -gave informed consent for participation in the study.
The PIPAC procedure
The two surgeons (MG and MBM) performing the PIPAC procedures were certified by the German PIPAC group (Professor Marc Reymond) prior to the first PIPAC procedure. Following translation, adaptation and implementation of a complete clinical PIPAC procedure manual, supplemented by OR simulation tests, the first procedures were performed under the supervision of an international PIPAC expert. Following steps were taken to minimize the risk of health care workers: only certified PIPAC surgeons were involved, adherence to a pre-defined procedure-specific manual was mandatory and preparation of the chemotherapy was performed at the hospital pharmacy. Proper personal protective equipment was essential, including covering of the floor beneath the micropump, protective barrier garments, glasses, surgical aerosol masks and two pairs of gloves. PIPAC has been previously described [6] [7] [8] HealthCare, Leverkusen, Germany) and inserted through the 12 mm trocar. At a flow-rate of 30 mL/min, with a maximum pressure of 200 PSI, chemotherapy is administered within 5-10 min. After another 25 min of simple diffusion, the chemotherapy aerosol is evacuated via a closed line, through two sequential micro particle filters into the air waste system of the hospital. PIPAC is performed in an OR with continuous air conditioning (room temperature: 20°C, excess pressure: 12 Pascal, relative humidity: 55 %), higher air pressure than the surrounding areas, and doors are closed during the procedures.
Measurement of airborne particles
It was decided that the measurement of airborne concentrations of antineoplastic drugs (i. e. cisplatin) should not be performed before the PIPAC procedures were considered routine in our institution. Thus, at least 50 PIPAC procedures should be performed without major technical or patient-related problems before these measurements were performed. Analysis of the OR air was performed in two consecutive PIPAC patients treated the same day, both for the third time. The first patient was treated with cisplatin and doxorubicin due to PC from pancreatic cancer. The second patient was treated with oxaliplatin due to PC from colon cancer. The airborne measurements were supplemented by blood samples from the surgeons in order to reveal potential traces of cisplatin exposure.
The particle measurements were performed by a national independent organization (Water and Environment, Life Science, Danish Technological Institute, Aarhus, Denmark). The specialist (PBP) performed both particle measurements and subsequent data analysis without blinding. Two locations for the airborne particle measurements were defined, one at the surgeon position and one at the anesthetist position ( Figure 1) . Zeroing of the instruments and measurement of background levels were carried out before the patient arrived in the OR. Instrumentation for measuring online particle number concentration (P-Trak, model 8525 from TSI [Minnesota, USA], and Scanning Mobility Particle Sizer, nanoscan SMPS, model 3910 from TSI), and online particle mass concentration (DustTrak DRX, model 8533 from TSI) were placed on two trolleys in order to be able to get the instrument close to the patient while enforcing the sterile conditions at the OR table. Pre-weighed 37 mm cellulose filters in cassettes were set up for dust collection on each trolley. The filter cassette was attached to a pump with 1.9 L/min flow. The detection limit for dust was 0.02 mg/filter.
Analysis for metals collected on the cellulose filters was performed on a Perkin-Elmer (Waltham, Massachusetts, USA) ICP-MS ELAN 5000 and 6100 with FIAS 400 and with an auto-sampler. Samples and blanks were analyzed for content of platinum by inductively coupled plasma mass spectrometry (ICP-MS) with collision cell technology in kinetic energy discrimination mode and with Helium as collision gas. The metals Germanium, Rhodium and Rhenium were used as internal standards. Quantification by ICP-MS was carried out with traceable external standards of the elements. The calibrations were verified with independent traceable control samples. The detection limit for platinum was 0.0001 mg/filter.
Results

Measurement of airborne particles
The measured particle number concentrations in the operation room were low (compared to, e. g., an office), and they remained relatively stable during the whole measurement period in both "patient 1" and "patient 2". For a short period of time during surgery (using electrosurgical device) in patient 1, a rise in particle number concentration was detected and visible smoke was observed (Table 1 and Figure 2 ). Particle number concentration rose to approximately 4,400 particles/cm 3 at the surgeon position and 3,100 particles/cm 3 at the anesthetist position. After that, the particle number concentration dropped steadily until "background level" was reached again. Particle mass concentration was also very low during the whole period of measurement (Table 1) . Spikes were seen in the graphs indicating different events where the staff moved around in the room (Figure 3) . No specific rise in either particle concentration was detected during the PIPAC procedure, patient closure and removal of the sterile drapes. Weighing of the filters indicated no collected dust. Analysis by ICP-MS of possible collected platinum dust on filters showed no traces of platinum.
In two instances in a series of 86 consecutive PIPAC procedures, accidental leakage of the tubing system into the plastic cover occurred due to a combination of human error and poor compliance between the plastic locks on the pump and the high-pressure line.
Blood samples
Blood samples from the two surgeons showed no traces of cisplatin. 
The table shows the measured particle data when treating "patient 1" and "patient 2". Number concentration is shown as particle number per cubic centimeter. Mass concentration is shown as milligram per cubic meter. Average and maximum values are shown. Number concentration measurements were performed at both position 1 (surgeon) and 2 (anesthetist) simultaneously, while mass concentration is measured at one position at the time. 
Discussion
Apart from the data generated by the German inventors of the PIPAC procedure [5] , there are relatively few studies regarding the potential risk of contamination of the OR personnel and environment as a consequence of this procedure. In theory, and despite strict procedure manuals and precautions, the combination of toxic substances and high pressure constitutes a potential risk of exposure. The aim of this study was to measure the presence of airborne platinum particles in the OR during PIPAC and to detect potential traces of cisplatin in the blood of the surgeons. Both OR air analysis and blood tests were designed to detect platinum/cisplatin, as platinum-based chemotherapy is used in all PIPAC procedures.
The main findings of this study were a low number of particles and mass concentrations in the air of the OR during the entire procedure in both patients, and that the filters and blood tests showed no traces of platinum. A short peak in the particle number concentrations during the use of electrosurgical device was expected (i. e. visible smoke), and indirectly indicating the sensitivity of the measuring setup.
Our findings independently confirm the results from the German PIPAC group, where an almost identical PIPAC setup and toxicology analysis (cellulose nitrate filter diameter of 50 mm, flow of 22.5 m 3 /h, detection limit 0.3 μg/sample) were also unable to detect any signs of contamination [5] . Furthermore, the negative results from the blood tests, independently confirm data from the German group, where blood tests revealed no traces of cisplatin or doxorubicin after 500 PIPAC procedures on five physicians performing PIPAC [10] . We believe that the handling of platinum (and other (diluted) chemotherapeutic agents) within a closed system in a controlled OR environment are the most important factors leading to the present results [11] [12] [13] . However, it is interesting to note that using ICP-MS like in the present study, a French group evaluated platinum contamination in an open setting (i. e. HIPEC): No elevated values were detected in the urine, and the air filters were negative, whereas the surgical gloves were heavily contaminated [14] . The latter problem is probably negligible based on the closed system used for PIPAC, but careful disposal of surgical gloves, gowns and drapes into a leak-proof rigid container labeled "cytotoxic agents" [15] is still mandatory in the PIPAC manual. Theoretically, the risk of chemotherapy exposure by OR staff may depend on whether the HIPEC is performed with an open or closed technique [15] . However, the risk of chemotherapy particles in the OR air is probably limited. Even during open HIPEC no study to date has detected chemotherapy particles in the OR [15, 16] . In theory, vaporization of the cytotoxic substance during the PIPAC procedure may increase the risk of inhalation as compared to HIPEC, but so far no data can confirm this.
During the first 86 PIPAC procedures in 31 patients (18 of the patients were treated with cisplatin plus doxorubicin and 13 patients with oxaliplatin) we experienced two cases, where chemotherapy leaked into the plastic cover going from the pump to the patient. The leakages were caused by a combination of human error and poor compliance between the plastic locks on the pump and the high-pressure line. These leakages did not harm the healthcare personnel and there was no environmental contamination since a double safety was installed (a protection sheet was placed beforehand around the tubing to prevent spillage of chemotherapy in case of disconnection). Obviously, critical incidents have to be expected even when adequate preventive measures have been implemented and the events above underline the need for redundant safety measures to guarantee safety even in the case of accidental events. Such critical incidents have to be adequately documented and reported. In the particular case, in order to prevent possible spillage of chemotherapy due to human errors, the tubing system was modified on the basis of the report. Hospitals are now provided by the manufacturer with sterile tubing systems sealed together with the nebulizer, which virtually excludes accidental disconnection.
The German PIPAC group has provided relevant patient safety data [17] , and with the present procedure setup and precautions, PIPAC must also be considered a safe procedure as seen from the perspective of the OR personnel. However, since the PIPAC procedure is under continuous development and improvement [18, 19] , safety issues regarding both patients and OR personnel must also be monitored in the future.
The low number of procedures and measurements may represent a limitation to the conclusion of the present study, but since our data are in agreement with safety data from other PIPAC studies [5, 10] , we find that this study validates the occupational health safety profile of the PIPAC procedure.
Conclusions
The present study confirms previous data on PIPAC occupational health and safety aspects. No platinum was detected in the OR air or in the blood from the surgeons. Thus, when following a strict safety protocol, PIPAC may be performed without any risk of chemotherapy exposure.
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